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ABSTRACT
We present velocity dispersion measurements for 69 faint early–type galaxies in
the core of the Coma cluster, spanning −22.0 <
∼
MR <
∼
−17.5 mag. We examine the
L − σ relation for our sample and compare it to that of bright ellipticals from the
literature. The distribution of the the faint early–type galaxies in the L − σ plane
follows the relation L ∝ σ2.01±0.36, which is significantly shallower from L ∝ σ4 as
defined for the bright ellipticals. While increased rotational support for fainter early–
type galaxies could account for some of the difference in slope, we show that it cannot
explain it. We also investigate the Colour–σ relation for our Coma galaxies. Using the
scatter in this relation, we constrain the range of galaxy ages as a function of their
formation epoch for different formation scenarios. Assuming a strong coordination in
the formation epoch of faint early–type systems in Coma, we find that most had to
be formed at least 6 Gyrs ago and over a short 1 Gyr period.
Key words: galaxies: dwarf — galaxies: elliptical — galaxies: clusters: individual
(Coma) — galaxies: kinematics — galaxies: velocity dispersions galaxies: formation.
1 INTRODUCTION
Dwarf elliptical galaxies (dEs) are low luminosity spheroidal
systems with MB > −18 mag (Sandage & Binggeli 1984)
that have a low surface brightnesses, µe,V > 22 mag arcsec
−2
(Ferguson & Binggeli 1994). Over the past two decades there
has been considerable interest in studying dEs, despite the
difficulty associated with observing these objects. In par-
ticular, there has been a number of extensive photometric
studies that have concentrated on comparing dEs to the
bright elliptical galaxies with MB <− −20.50 mag (Graham
& Guzma´n 2003). Two main arguments support the hypoth-
esis that they are structurally distinct classes.
Firstly, many authors in the past argued that de Vau-
couleur’s R1/4 law (de Vaucouleurs 1948) best fits the light
profiles of bright Es. Meanwhile, Faber & Lyn (1983) and
Binggeli, Sandage & Tarenghi (1984) showed that an expo-
nential profile describes dwarf ellipticals. Secondly, as Ko-
rmendy (1985) notes, dEs and bright Es fall almost per-
pendicular to each other in the effective surface brightness–
luminosity plot, µe − L and are clearly different in the
luminosity–central surface brightness, L−µ0, plot. Further-
⋆ E-mail: matkovic@astro.ufl.edu (AM)
more, dEs and bright Es follow a different µe −Re relation
(e.g. Wirth & Gallagher 1984; Capaccioli, Caon & C’Onforio
1992).
More evidence to strengthen the proposed dichotomy
exists. Dwarf ellipticals seem to lie off the Fundamental
Plane, the relation between the surface brightness at the
effective radius, µe, effective half-light radius, Re, and the
velocity dispersion, σ (Bender, Burstein, & Faber 1992; de
Carvalho, & Djorgovski 1992; Peterson, & Caldwell 1993).
This disparity has been interpreted as a difference in the
formation mechanism for dwarf and bright Es.
Nonetheless, there are many studies arguing for con-
tinuity in the dwarf-bright family. Just to mention a few:
Caldwell 1983; Caldwell 1987; Caldwell & Bothun 1987; Fer-
guson & Sandage 1988; Hudson et al. 1997; Jerjen & Binggeli
1997; Jerjen, Binggeli, & Freeman 2000; and Karachentsev,
et al. 1995. Some of these studies show that dEs exhibit the
same central surface brightness and absolute magnitude re-
lation as bright Es. Caldwell (1983) also pointed out that a
continuous trend exists between colour and luminosity, while
Caldwell & Bothun (1987) show the same continuity for the
luminosity–metallicity relation.
Graham & Guzma´n (2003; hereafter GG03)(see also
Guzma´n et al. 2003) offer a possible resolution of the dif-
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fering views. They point out that the dichotomy in the
luminosity–effective surface brightness relation, MB − µe,
and the luminosity–effective radius relation, MB − Re, is a
direct consequence of the linear relations between the lu-
minosity, the central surface brightness, µ0, and the light
profile shape, n. Furthermore, they argue that dEs and inter-
mediate luminosity ellipticals follow a continuous sequence
up to MB ∼ −20.5 mag. At this point bright ellipticals
start showing evidence of evacuated cores, possibly coalesc-
ing black holes, causing their central surface brightness to
decrease with increasing luminosity (GG03; Graham 2004
and references therein). The most massive Es may thus be
the exception and not the rule to the empirical correlations
defined by early–type galaxies that include the low luminos-
ity galaxies and range over ∼ 8 magnitudes (see GG03).
Up until the past couple of years most information on
spectroscopic properties of dEs came from their line strength
indices (Held & Mould 1994; Gorgas et al. 1997; Mobasher
et al. 2002; Moore et al. 2002), and a handful of velocity
dispersion measurements. Although more difficult to obtain
due to low surface brightness of these objects, the num-
ber of papers in the literature which include velocity dis-
persion measurements of dEs in different clusters has in-
creased (Bender & Nieto 1990; Brodie & Huchra 1991; Held
et al. 1992; Bender, Burstein, & Faber 1992; Peterson &
Caldwell 1993; Bernardi et al. 1998; Melhert et al. 2002;
Hudson et al. 2001; De Rijcke et al. 2001; Simien & Prug-
niel 2002; Pedraz et al. 2002; Moore, Lucey, Kuntschner, &
Colless 2002 (hereafter MLKC02); Geha, Guhathakurta, &
van der Marel 2002, 2003; Guzma´n et al. 2003; Bernardi
et al. 2003; Smith et al. 2004, van Zee, Skillman, & Haynes
2004; De Rijcke et al. 2004). The NOAO Fundamental Plane
survey (NFPS) of Smith et al. 2004 is the largest compilation
including velocity dispersion measurements in low-redshift
galaxy clusters up to date. Our Coma sample, although sig-
nificantly smaller than that of the NFPS is complementary
to this study. It includes a statistically representative sample
of faint early-type galaxies in different environments within
a cluster. Such sample is essential for testing current ideas
on the formation and evolution of dEs.
Via recent studies, dEs have also been linked to the
Butcher-Oemler effect (Butcher, & Oemler 1978; Butcher, &
Oemler 1984). Observations of distant clusters reveal the ex-
istence of numerous star-forming, low-mass ’blue disk’ galax-
ies in clusters at z ∼ 0.4. These galaxies, as shown by HST,
are distorted small spirals which have disappeared from the
present day clusters. The fate of these galaxies remains one
of the most important unanswered questions in modern cos-
mology. The ’galaxy harassment’ model Moore, Lake & Katz
(1996; 1998) explains how the dwarf spiral galaxies in clus-
ters may evolve into today’s population of cluster dEs due
to encounters with brighter galaxies and the cluster tidal
field. The galaxy harassment model predicts differences in
the properties of dEs located in the inner, high density, and
outer, low density, regions of the clusters.
This is the first paper of a series in which we will char-
acterise the kinematics and stellar populations of dEs and
other low luminosity early–type galaxies as a function of the
environment. Given the difficulty in distinguishing between
dEs, dS0s, and dwarf spirals in Coma from ground-based
images, we refer to all these objects as ‘early–type’ galax-
ies. For convenience, we define ‘faint’ early–type galaxies as
those with MB > −20.50 mag, and the ‘bright’ ellipticals
with MB <− −20.50 mag. Here we describe spectroscopic
observations and velocity dispersion (σ) measurements of
69 faint early–type galaxies in the central 30′ × 30′ region
of the Coma cluster. We investigate whether these galax-
ies follow the luminosity–velocity dispersion (L−σ) relation
derived for bright ellipticals, and discuss the constraints on
their formation epochs provided by the colour–σ (C − σ)
relation. In future papers, we will test the implications of
the ’galaxy harassment’ scenario by comparing the internal
kinematics and stellar populations of the early–type galaxies
in the core and the outskirts of the Coma cluster. Section
2 describes the photometric and spectroscopic observations
of our sample galaxies, including the sample selection. In
Section 3, we describe the data reduction technique and the
velocity dispersion measurements. We investigate the L− σ
relation in Section 4, and the C − σ relation in Section 5. A
summary of our results is provided in Section 6.
2 OBSERVATIONS
2.1 Sample Selection
The selection of faint early–type galaxies in the Coma cluster
was done using the photometry in U,B and R bands. We ob-
tained the images with the WIYN/MiniMo and INT/Wide
Field Camera. To select the faint early–type galaxy candi-
dates in the central 30′ × 30′ region of the Coma cluster we
used the B–R vs. B colour-magnitude plane. We applied an
absolute luminosity cutoff at MB >− −17.3 mag (Ferguson,
& Binggeli 1994; corresponding to apparent B >∼ 17.5 mag
at the distance of the Coma cluster1). To minimize contami-
nation at the faint end by the background field disk galaxies
at z < 0.2, we applied another cutoff using the (U–B) vs.
(B–R) colour-colour diagram at 0.2 < (U − B) < 0.6 mag,
and 1.3 < (B −R) < 1.5 mag.
2.2 Spectroscopic Observations
We observed the Coma cluster faint early–type galaxies dur-
ing 1998 May 23–26, and 1999 May 14–19 on the 3.5 m
WIYN telescope at Kitt Peak National Observatory with
the multi-fibre spectrograph HYDRA. We used the 600 l
mm−1 grating in the 2nd order, and the blue fibre cable,
which we chose for its transmission at the desired wave-
lengths. The selected grating allowed us to observe in the
wavelength range of ∆λ = 4120 − 5600 A˚, which is opti-
mal for discerning some of the most prominent absorption
features of the faint early–type galaxies including molecu-
lar G-band, Hγ, Hβ, Mg2, and Feλ5350. With this setup
we achieved the dispersion of ∼ 0.705 A˚ px−1, while our
instrumental resolution of FWHM = 1.91 A˚ allowed us to
detect velocity dispersions down to 35 km s−1. This is as-
suming that we can measure velocity dispersions up to 30
percent better than the instrumental resolution for galaxies
with SNR > 15.
The HYDRA multi-fibre spectrograph has ∼ 100 fibres
1 Throughout the paper we use H0 = 70 km s−1 Mpc−1, and a
distance modulus for Coma cluster of 35.078, (d = 99 Mpc).
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each with 3′′ diameter. Thus, it is well suited for the detec-
tion of the faint early–type galaxies, which typically have a
half light radius of ∼ 2′′ at the distance of Coma (GG03).
We observed ∼ 45 galaxies and ∼ 45 adjacent sky spectra for
each HYDRA setup. The galaxy sample was divided into 3
different groups depending on the exposure times to achieve
SNR >− 15. We observed the brightest galaxies bj <− 17.5
mag for a total integration time of 4 hours, objects with
17.50 < bj <− 18.5 mag for 8 hours, and the faintest objects
bj > 18.5 mag for 16 hours. In addition, we obtained spec-
tra of template stars representative of the prevailing stellar-
population of dEs, primarily G and K–type stars. The sam-
ple also included ∼ 30 bright elliptical galaxies observed in
previous studies in order to assess any systematic effects.
Sample spectra of 4 galaxies with different luminosities and
SNR are given in Figure 1. All the candidates had enough
signal for radial velocity measurements from which we con-
clude that 100 percent have the range of recession velocities
of 4,000–10,000 km s−1, consistent with membership in the
Coma cluster (Colless & Dunn 1996).
3 DATA REDUCTION AND MEASUREMENTS
3.1 Basic Data Reduction
We used the basic and multi-fibre spectral reduction tasks
within IRAF2 to reduce our observations. The data was
first trimmed accordingly and corrected for the overscan re-
gion. We removed the cosmic rays with FIGARO within the
STARLINK software program. For the remaining reduction
we used the ‘dohydra’ task within IRAF, which provided:
aperture identification; tracing of the apertures; flat field
correction for the pixel to pixel sensitivity and the different
throughput from fibre to fibre; removal of internal reflec-
tions within the spectrograph (scattered light); the wave-
length calibration; and the sky subtraction. The largest rms
for the wavelength calibration was 0.02 A˚.
3.2 Velocity Dispersion and Radial Velocity
Measurements
Velocity dispersions, σ, were measured from galaxy spectra
with the software REDUCEME (Cardiel 1999). The pro-
gram implements the Fourier quotient method (described
by Gonza´lez-Gonza´lez 1993), originally introduced by Sar-
gent et al. (1977), to measure the velocity dispersions. The
Fourier quotient method assumes that observed galaxy spec-
tra can be described as a convolution between the spec-
tral characteristics of the stellar population, the broadening
function, and the effective response function of the instru-
ment. Using an initial guess of the velocity dispersion, the
program calculates a broadening function described by the
dispersion relation and models a galaxy spectrum as a con-
volution of the broadening function and an optimal stellar
synthesis spectrum. This template for the galaxy is produced
2 Image Reduction and Analysis Facility. Distributed by the
National Optical Astronomy Observatories, which is operated
by AURA (Association of Universities for Research in Astron-
omy, Inc) under cooperative agreement with the National Science
Foundation.
by combination of the different star templates. Via χ2 mini-
mization between the galaxy and the model spectra, the best
value of the velocity dispersion for the broadening function
is determined.
We tested the stability of the software for a range of
values of the involved parameters. The only difference in σ
measurements occurred when we changed the wavelength
range used to calculate the velocity dispersions and when
we altered the tapering fraction. The measured velocity dis-
persion varied by 10 percent with the choice of the spectral
region, and up to 20 percent for the faintest galaxies when
varying the tapering fractions. We conducted a set of tests
altering either the tapering fraction for a specific wavelength
range, or the wavelength range for a specific tapering frac-
tion. We found that the most stable solutions occurred for a
tapering fraction of 0.25 and when we trimmed the spectra
at the edges. We chose to trim the spectra by preserving the
largest rest frame wavelength range possible: 4150 − 5400
A˚.
3.3 Uncertainty Measurements
We estimated the uncertainties in velocity dispersion mea-
surements by the ‘boot–strapping’ technique implemented
by J. Gorgas (private communication) within the RE-
DUCEME software. Assuming that the noise in the galaxy
spectrum is dominated by Poisson noise, the program uses
Monte-Carlo realizations to produce simulated galaxy spec-
tra with similar SNR to the original galaxy. For each galaxy
we ran 50 simulations, after confirming that the results were
the same for 100 simulations. The program then measures
the velocity dispersion of each simulated galaxy and via χ2
minimization estimates the error in the velocity dispersion
measurements, which also accounts for the template mis-
match.
We have checked internally and externally for system-
atical offsets in the velocity dispersion measurements in
our sample of the core faint early–type galaxies. The ex-
ternal check consisted of comparing our measurements with
those comparable in SNR and resolution in the literature,
(MLKC02 and NFPS). Figure 2 shows the comparison of σ
measurements and includes the uncertainty in the σ/σLit.
This plot shows no systematic offsets between our and the
two literature samples. Furthermore, the median of the com-
parison, 1.01, and the rms scatter of the points, 0.10, indi-
cate that our σ measurements are in good agreement with
those of both NFPS (open triangles) and MLKC02 (solid tri-
angles). We also note that some galaxies seem to be inconsis-
tent with the average value when taking their uncertainties
into account. This would imply that the uncertaities in the
σ measurements are possibly underestimated. However, it is
not possible to determine whether it is the literature, ours,
or both uncertaities that are underestimated.
The internal check was done in the same way as the
external, except that in this case σ was measured using only
half of their exposures in our own data. We found no in-
consistencies in the σ measurements nor their error mea-
surements for our sample of faint early–type galaxies, but
the error measurements for our bright ellipticals were, on
average, underestimated by 30 percent. We have therefore
increased the uncertainties of the bright Es by 30 percent.
In addition, our analysis excludes galaxies with SNR
c© 2004 RAS, MNRAS 000, 1–15
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< 15, since below this value the fit of the model spectra
to the galaxy was uncertain. We also investigate the effects
noise has on the velocity dispersion measurements. The fol-
lowing method closely resembles the analysis of Jørgensen,
Franx & Kjærgaard (1995; hereafter JFK95). We selected
a template star that best fits a typical galaxy with a high
SNR, and broadened it by convolving it by Gaussians with
σ ranging from 35 to 100 km s−1. Different amounts of noise
were added to each spectra so the SNR would yield values
ranging 10–50. The unaltered spectra of the star was used as
a template, while we measured the velocity dispersion of the
broadened and lower SNR spectra. The final σ was derived
after 1000 simulations using the bootstraping method. Fig-
ure 3 shows the percentage difference between the ’galaxy’
spectra (template spectra broadened to 50 km s−1) and the
observed σ, i.e. the same broadened galaxy with different
amount of noise. All our simulated spectra have a slightly
overestimated measurement of the velocity dispersion. The
effect is larger for galaxies with a smaller velocity disper-
sion. For example, a galaxy with σ = 35 km s−1 and SNR of
15 has σ overestimated by ∼ 6 percent. JFK95 find that a
galaxy with σ = 65 km s−1 is overestimated by ∼ 4 percent,
and a galaxy with σ = 100 km s−1 by ∼ 1 percent which
is in good agreement with our measurements. We chose not
to correct for this systematic effect since it is significantly
smaller than the uncertainties in the σ measurements for
majority of the galaxies in our sample. Implications of this
effect on the L− σ relation are discussed in section 5.
4 RESULTS
The σ and radial velocity measurements for 87 early–type
galaxies we observed in the Coma cluster are presented in
Table 1. For the following analysis we only used 72 objects
with SNR>− 15. We classify galaxies withMR <− −22.17 mag
as bright Es. Our sample includes 69 galaxies with MR >−
−22.17 mag classified here as faint early–type galaxies and 3
bright Es.We include other samples from the literature with
σ measurements and plot the galaxies in diagnostic diagrams
to characterize their kinematic properties.
In Figure 4 (left) we show the L − σ relation includ-
ing galaxies with σ measurements from MLKC02, Hudson
et al. (2001), EFAR (Colless et al. 2001), and our sample.
The total number of galaxies is 167, where 24 galaxies are
classified as bright Es. In case of multiple σ measurements
from the literature, we used a minimum variance weighted
average of velocity dispersions and calculated the error in
the weighted average. When those galaxies were in common
with our sample, we used the same process but adopted the
symbol used for this paper (triangles) in the figure. Table 1
lists the σ values measured in our sample.
We have derived the photometry in MR from Gutie´rrez
et al. (2004) for the MLKC02 and our sample, while the
other catalogues included their own photometry. We aver-
aged the actual luminosities for galaxies with multiple pho-
tometry. The uncertainty in the average of the magnitudes
was 0.015 mag, except for 3 galaxies, which we excluded from
the sample since their uncertainty was large and most likely
due to a catalogue mismatch. Out of our sample of 72 galax-
ies with σ measurements, 17 were not in the Gutierrez list.
In this case we have derived R (Johnson filter) by using the
bj magnitudes listed in the GMP catalogue. We used a least
squares fit to objects that had both bj and R and obtained
the transformation R = (1.050 ± 0.030)bj − 2.422 ± 0.529
between these two magnitudes.
The L−σ relation in Figure 4 (left) exhibits a curvature
or a change of slope. To allow for a comparison with earlier
studies we perform least-squares fits to the bright Es and
faint early–type galaxies separately. We partition the bright
Es from the other early–type galaxies with the dotted line at
MR >− −22.17 mag. The dashed line represents a most recent
L ∝ σn from the literature (Forbes, & Ponman 1999), where
log σ = −0.102MB + 0.243, corresponding to n = 3.92. We
obtained the ordinary least squares fit (OLS, as described by
Feigelson, & Babu 1992) for all the galaxies excluding bright
Es. The dash-dot line represents the fit which minimizes the
residuals inMR, the dash-dot-dot minimization in log σ, and
the solid line is the bisector line. The details of the fits are
summarized in Table 2. Only the galaxy with a very large
observational error from MLKC02 (see Figure 4) is excluded
from the linear regression.
Another diagnostic diagram used for the characteriza-
tion of the low luminosity early–type galaxies and a com-
parison of their properties to those of the bright Es is
the C − σ relation. Figure 5 shows the Johnson B–R mag
(from Trenham, unpublished data) vs. log σ for galaxies in
our sample, including some galaxies with σ measurements
from the literature. In case of the galaxies in common with
the literature, we performed a weighted average on the ve-
locity dispersions and their errors. We plot only galaxies
that have B − R measurements, except in the case of the
Hudson et al. (2001) sample where we have derived the
colours from the GMP catalogue. The transformation be-
tween the GMP b− r colours and B −R of our sample was:
B − R = (1.128 ± 0.098)(b − r)j − 0.535 ± 0.178. The de-
rived C − σ relations minimizing residuals in either log σ,
B–R, or using the bisector for all the galaxies in the figure
are found in Table 3. The right-hand panel includes galaxies
from clusters observed by Faber et al. (1989) where we used
the colour transformation (B − R) = (B − V ) + 0.71 from
Fukugita, Shimasaku & Ichikawa (1995).
5 DISCUSSION
5.1 L-σ Relation for Faint Early–type Galaxies
Faber & Jackson (1976) showed that luminosity of bright Es
correlates well with velocity dispersion (σ) for these galaxies.
The L − σ, or Faber-Jackson, relation can be expressed as
L ∝ σn, where n was originally ≈ 4 (Faber & Jackson 1976;
Sargent et al. 1977; Schechter & Gunn 1979; Schechter 1980;
Tonry & Davis 1981; Terlevich et al. 1981). Tonry (1981)
was the first to note a slight change of slope in the L − σ
relation suggesting that n ≈ 4 for more luminous objects
while n ≈ 3 for fainter galaxies. This result was confirmed
by Davies et al. (1983) who found n = 4.2± 0.9 for galaxies
brighter than MB = −20 (MR < −21.67) and n = 2.4± 0.9
for those fainter than this magnitude, and Held et al. (1992)
who found n = 2.5 for dEs.
Unfortunately, the data samples of Tonry (1981), Davies
et al. (1983) and Held et al. (1992) only included a dozen
of the faint early–type galaxies. To further investigate the
c© 2004 RAS, MNRAS 000, 1–15
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L− σ relation for a wide range of luminosities we present a
sample of 143 galaxies with −22 <∼MR <∼ −17.5 mag.
The L−σ relation (Figure 4) derived for this large sam-
ple exhibits a change of slope; the slope of faint early–type
galaxies is shallower than that of bright ellipticals. Follow-
ing the results of previous studies and including these in
our data set we find that the value of n ∼ 4 fits the bright
E end of the diagram. In contrast to bright Es, we obtain
L ∝ σ2.01±0.36 for faint early–type galaxies (adopting the
bisector fit). This relation spans a range of 4.5 magnitudes
fainter than MR = −22.17 mag, the lower limit of bright
Es, and is the largest sample of the faint early–type galax-
ies in a single cluster thus far. Our result derived for 143
galaxies is consistent with L ∝ σ2.4±0.9 derived by Davies et
al. (1983) for their 14 faint ellipticals and that of De Rijcke
et al. (2004), and it is inconsistent with the standard Faber-
Jackson relation. This raises intriguing questions concerning
the physical processes responsible for the change of slope in
the L− σ relation.
We note that our galaxies exhibit a small systematic
offset depending on their SNR, as discussed in section 3.2.
However, if corrected for this effect of ∼ 6 percent at the
lowest σ and lowest SNR galaxies, the slope of the faint
early-type galaxies would be even shallower than derived in
this paper.
A feasible explanation of the different slope between
bright Es and faint early–type galaxies may be due to the
presence of other types of galaxies at lower luminosities. We
used the photometry of Gutie´rrez et al. (2004) to classify
galaxies from the present combined sample. In cases where
the bulge-to-total (B/T) luminosity ratios from Gutie´rrez et
al.’s data were unreliable, we used the NASA/IPAC Extra-
galactic Database (NED). We defined galaxies with B/T =
1.0 as bulge-dominated, 0.5 < B/T < 1.0 as bulge+single
exponential component galaxies, and B/T < 0.5 as single
exponential component. This notation is to avoid confusion
of calling galaxies with exponential light profiles strictly as
disk galaxies, since dEs tend to have exponential profiles (see
GG03). The distribution of these galaxies in the L− σ plot
(Figure 4, right) indicates that there is a slight difference in
the slopes for each type. Although a different L−σ relation
can be derived for each galaxy type, the individual relations
are still within 3σ of each other (Table 2). It is not surprising
that a significant number of single exponential component
galaxies appear to be present in this sample since this light
profile best describes the dwarf elliptical galaxies. However,
classifying these low-luminosity galaxies is difficult without
resolved photometry and we also note discrepancies in classi-
fication depending on the literature source. Nonetheless, the
slopes of all three galaxy types, single exponential compo-
nent, bulge+exponential component and bulge-dominated
galaxies, are still in disagreement with the FJ relation, but
consistent with L ∼ σ2.01±0.36 as derived earlier for the low-
luminosity early–type galaxies.
Tonry (1981) attributed the change of slope in the L−σ
relation to less luminous systems having significant rotation.
Subsequently, Davies et al. (1983) investigated rotational
properties of about a dozen faint Es with −20.5 < MB <
−18 mag (−22.17 < MR < −19.67 mag), and showed that
the faint Es rotate more rapidly than most of the bright Es.
More recent studies of the low-luminosity early–type galax-
ies, i.e. Simien, & Prugniel (2001), Geha, Guhathakurta,
& van der Marel (2003), and van Zee, Skillman, & Haynes
(2004) indicate that some of these objects have a rotational
component while others show little or no rotation.
We investigate whether rotational effects in the faint
early–type galaxies can cause the change of slope in the L−σ
relation using the following approach. We assume that there
is a universal relation between the luminosity and the kinetic
energy per unit mass (or KE) such as: L ∝ KE2, which is
common to both faint early–type galaxies and bright ellip-
ticals. Since the kinetic energy per unit mass for a spheroid
is (from Busarello, Longo & Feoli 1992):
KE =
1
2
〈v2〉 =
1
2
V 2rot +
3
2
σ2
the assumed universal relation between luminosity and ki-
netic energy per unit mass translates into a correlation be-
tween luminosity, σ, and the anisotropy parameter (Vrot/σ):
L = aσ4(
V 2rot
σ2
+ 3)2
For bright ellipticals, the existence of the Faber-Jackson re-
lation (L = bσ4) implies that Vrot = 0, as it is indeed the
case since bright ellipticals are anisotropy-supported stel-
lar systems and show no or little rotation. For faint early–
type galaxies, however, the existence of a relation such as
L = cσ2, implies that there is a systematic increase in the
anisotropy parameter (i.e., in the amount of rotation) as the
velocity dispersion (or luminosity) decreases:
V 2rot
σ2
=
√
c
b
1
σ
− 3
This expression yields the amount of rotation a faint early–
type galaxy would need to have in order to follow the same
relation between luminosity and 〈v2〉 followed by bright Es.
Under these assumptions, the observed change of slope in the
L − σ diagram would simply be the result of not including
the rotational component in the kinematic energy of faint
early–type systems.
Using the expression above we can calculate the ex-
pected Vrot/σ for galaxies at different luminosities and ve-
locity dispersions, and compare them to the observed values.
We show this comparison through a set of graphs (see Fig-
ure 6). The left panel shows Vrot/σ vs. MR, and the right
panel Vrot/σ vs. σ. The solid line in both panels represents
the predicted value for Vrot/σ, while the points are the most
recent data from the literature (Davies et al. 1983; Simien
& Prugniel 2002; Pedraz et al. 2002; Geha, Guhathakurta
& van der Marel 2003; van Zee, Skillman, & Haynes 2004).
According to the predicted relation between the Vrot/σ
and MR, Vrot/σ would have to increase steadily toward the
faint end (left panel of Figure 6). For example, a faint early–
type galaxy with MR = −18 mag and σ = 39 km s
−1 would
have Vrot/σ = 3.2, or Vrot = 123 km s
−1. This value seems
unreasonably large when compared to observed Vrot/σ val-
ues from Geha, Guhathakurta & van der Marel (2003),
which range from as low as 0.01 to ∼ 0.5. The discrepancy
is worse for the faintest galaxies. We conclude that the pre-
dicted Vrot/σ is inconsistent with observations of early–type
galaxies fainter than MR = −20.5 mag. Therefore, it is im-
plausible that rotation is solely responsible for the difference
in the L−σ slope between faint early–type and bright ellip-
tical galaxies.
An independent confirmation of L ∝ σ2 has recently
c© 2004 RAS, MNRAS 000, 1–15
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been provided by De Rijcke et al. (2004). They investigate
how well different galaxy formation scenarios reproduce this
slope difference between the bright ellipticals and bulges of
spirals and dEs. The semi-analytical models which include
quiescent star formation, post-merger star-bursts and gas-
loss triggered by supernova winds seem to describe this effect
well.
Next, we address the scatter around the L− σ relation
for the faint early–type galaxies. The rms scatter of the bi-
sector line is 0.52 mag, where 0.22 mag can be attributed
to the observational errors, assuming δMR = 0.1 mag. The
scatter in the L − σ relation of faint early–type galaxies is,
therefore, intrinsic. A possible reason for this scatter could
be that the faint early–type galaxies in question are not yet
relaxed. This could indicate that in their recent history these
galaxies have encountered interactions with other galaxies in
the cluster. It is also possible that the age of the galaxy could
have an effect on the scatter, as investigated by Forbes, &
Ponman (1999). We do not have direct age measurements for
these objects yet. However, in the following section we plot
the colour−σ relation for our galaxies. Under assumptions
described in the following section we are able to investigate
the effects age and metallicity have on this relation.
In conclusion, faint early–type galaxies follow a well-
defined L ∝ σ2.01±0.36 relation. This relation is distinct from
the traditional Faber-Jackson relation defined for bright E
galaxies and might indicate that bright Es should no longer
be viewed as canonical early–type galaxies. We also conclude
that rotation in the faint early–type galaxies is not respon-
sible for the change in the slope relative to that derived for
bright Es.
5.2 Colour-σ Relation
The colour-magnitude relation (CMR) is a well established
relation for early–type galaxies. It is characterized by the
more luminous galaxies displaying redder colours. This re-
lation was investigated by many authors in the past who
determined that the slope of the relation arises because the
more massive galaxies are redder and more metal rich than
the less massive galaxies (e.g., Terlevich, Caldwell, & Bower
2001, and references therein). Caldwell (1983) and Prugniel
et al. (1993) found that faint early–type galaxies roughly fol-
low the CMR for bright Es. A similar, distance-independent,
relation is the correlation between colour and σ, C − σ.
In Figure 5, we show the C − σ relation for faint early–
type galaxies and bright ellipticals. All of the galaxies seem
to follow the same relation, although we note the lack of
bright Es in the plot containing only Coma galaxies (left
panel). We confirmed the uniformity of the C − σ relation
by checking our result with the U–V colours of Terlevich,
Caldwell, & Bower (2001). The right panel includes galaxies
from different clusters (Faber et al. 1989) and indicates that
both faint and bright early–type galaxies follow the same
C − σ relation.
Since luminosity and σ are related, the C − σ rela-
tion is equivalent to the CMR, which in turn suggests a
more fundamental relation between galaxy metallicity and
mass. Although colours depend both on metallicity and age
changes in the stellar populations, the evidence so far sup-
ports that metallicity changes are responsible for the slope
of the CMR, while age differences contribute to the scatter
observed around that relation. In the following analysis we
assume that the same applies to the C − σ relation. Note
however, that it is likely that both age and metallicity af-
fect the slope and the scatter. Bernardi et al. (2005) show
that galaxies with large velocity dispersion tend to be older.
They also show that at a specific σ, galaxies have a wide
range in both age and metallicity in a way that the older
galaxies have smaller metallicities and the younger galaxies
larger metallicities. Assuming that the intrinsic scatter in
the C−σ relation is predominantly due to age, it is possible
to constrain the age variations at a given formation epoch
for faint early–type galaxies.
Bower, Lucey and Ellis (1992) (hereafter BLE92)
showed that it is possible to determine minimum ages for
galaxies with different formation scenarios by implementing
evolutionary stellar population synthesis models and the in-
trinsic scatter in the CMR of these galaxies. We closely fol-
low their method but use the intrinsic scatter derived from
the C − σ relation for our galaxies instead. Since the uncer-
tainty in the observed parameters is 0.024 mag, the intrinsic
scatter is 0.067.
We used the evolutionary stellar population synthesis
models of Bruzual, & Charlot (2003) to simulate a galaxy
with an exponentially declining star-burst, τ = 1 Gyr, and
a Chabrier IMF. In Figure 7, top panel, we show how the
B − R colour of a galaxy with metalicitiy Z = 1 or 0.4 Z⊙
evolves with time. Hence, we find how the rate of change
of colour varies with the age of the galaxy (middle panel).
The colour change can be related to the intrinsic scatter in
the colour and the range of epochs for major star-formation
events by the relation:
σ(B−R) =
d(B −R)
dt
× σSFE (1)
where σ(B−R) is the scatter in B − R colour and σSFE is
the range in the star formation epoch (BLE92). This is in
accordance with the assumption that the scatter in C−σ is
only due to age variation, or in this case, to the scatter in
the star formation epoch.
After finding the d(B-R)/dt at different ages of the
galaxy, and using the intrinsic scatter of 0.067 in the C − σ
relation, we derive values for the maximum range in the star
formation epoch. In Figure 7 (bottom panel) we show the
maximum range in the star formation epochs as a function
of the formation time, constrained by the intrinsic scatter in
C−σ for our sample. If the average age of our galaxy sample
is 10 Gyr old, for example, the maximum range in its star
formation epoch will be ∼ 3 Gyr. However, in order to de-
termine the upper limit on variations in the ages of galaxies
we must take into account that the scatter in the SF epoch
will also depend on how the galaxies were formed. Different
formation scenarios can be parametrised by a parameter β,
which describes the degree of coordination of galaxies during
their formation. BLE92 define β as ‘the ratio of the spread
in formation time to the characteristic time-scale at forma-
tion,’ where the galaxy formation times range as β(tH − tF )
(tH is the age of the universe, and tF is the time of forma-
tion of the galaxy). For example, β = 1 for uncoordinated
galaxy formation, and β = 0.1 for strong coordination. As-
suming solar metallicity, the minimum average age for the
faint early type galaxies in our sample with β = 0.1 is ∼ 6
Gyr (Figure 7, middle panel) with a scatter in the star for-
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mation epoch of ±1 Gyr (where tH = 13.7 Gyr, ΩM = 0.3
and ΩΛ = 0.7). As a reference, a galaxy that is 6 Gyr old
must have formed at redshift z ∼ 0.7. Note that we can only
put a lower limit on the ages of galaxies and an upper limit
on the scatter in their SF epoch, provided that we know the
level of coordination of galaxies during their formation.
Although we initially assumed that the scatter of the
C−σ relation is due to an age spread around the formation
epoch in a single burst, secondary bursts of star formation
will also contribute to the scatter. In fact, observations of
galaxies in clusters at redshifts z ∼ 0.5 point to a possibility
of secondary star-bursts (Butcher & Oemler 1978; Butcher
& Oemler 1984) in what may become today’s population of
faint early–type galaxies in clusters. By modeling the sec-
ondary star-bursts, we can place upper limits on the star-
burst strengths.
Assuming that all galaxies formed at t > 10 Gyrs and
had a secondary starburst ∼ 5 Gyrs ago, we again use the
models of Bruzual, & Charlot (2003) with two exponentially
declining bursts to make this constraint. For this purpose
we also follow the discussion of BLE92. Using the scatter
in the B −R colour for various uniformly distributed burst
strengths, solar metallicity and a Chabrier IMF, we find the
typical rms burst strength rtyp = ∆(B −R)/0.17 (the ratio
between the stellar mass of the secondary burst to that of
the initial burst). Our observed scatter of (B−R)rms = 0.07
places an upper limit on the secondary burst of 40 percent
by stellar mass of the first burst. Unfortunately, this con-
straint is not very robust since it strongly depends on the
assumptions of the age of the starburst and the modeling
components.
In conclusion, we have shown that there is a well defined
relation between colour and σ for faint early–type systems.
Assuming that metallicity changes are responsible for the
slope of this correlation while age variations are the main
contributor to the scatter, it is possible to constrain the age
range of major star formation events for a given formation
epoch. However, it is difficult to decouple the effects of age
and metallicity using colours. In future papers we will study
the detailed stellar population properties of faint early–type
galaxies, both age and metallicity, using line strength in-
dices and stellar population synthesis models. Furthermore,
we will test if the galaxies in the centre of the cluster are
more metal-rich than those in the outskirts, since this is
predicted by the galaxy harassment model (Moore, Lake, &
Katz 1998).
6 SUMMARY
We present velocity dispersion measurements for 69 faint
early–type galaxies in the centre of the Coma cluster with
−22.17 <∼ MR <∼ −17.5 mag. We derive the L − σ relation
for faint early–type galaxies as L ∝ σ2.01±0.36, which differs
from the Faber-Jackson relation, L ∝ σ4, defined for bright
ellipticals. Rotation in these objects is investigated as a pos-
sible cause for the difference in the slope. Although rotation
may contribute to the scatter in this relation, it is not the
main cause for the different slope derived for these galaxies.
We also investigate whether the slope change is due to
the presence of different classes of early–type galaxies in
our sample. Although our sample includes bulge-dominated,
bulge+single exponential component and a few single expo-
nential component galaxies, all three types essentially follow
the same relation.
We find that faint early–type galaxies follow a well-
defined C − σ relation. By assuming that this relation is
mostly driven by an increased metallicity with increasing
galaxy mass, while the scatter reflects age differences, we
investigated how we can constrain either the ages, the range
of star formation epoch, or the strength of secondary bursts
for the faint early–type galaxies for various galaxy formation
scenarios.
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Table 1. Table of σ measurements
GMP Galaxy RA Dec. bj Vr δVr σ δσ SNR
No. Name h:m:s ◦ ′ ′′ mag km s−1 km s−1 km s−1 km s−1
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
2478 13:00:45.46 27:50:06.00 18.09 8670.5 2.0 50.0 5.1 28
2489 13:00:44.69 28:06:00.70 16.69 6539.1 1.3 93.8 2.3 54
2510 13:00:42.92 27:57:45.49 16.13 8336.9 2.0 126.7 2.5 48
2516 IC 4042 13:00:42.85 27:58:14.90 15.34 6321.3 3.6 176.2 4.6 46
2519 13:00:42.65 28:06:56.90 18.68 6107.0 26.5 71.2 76.5 13
2529 13:00:41.28 28:02:40.74 18.63 8519.6 2.1 42.3 5.5 28
2535 IC 4041 13:00:40.94 27:59:46.19 15.93 7026.9 2.0 123.8 2.4 47
2541 NGC 4906 13:00:39.83 27:55:24.40 15.44 7436.6 3.9 176.6 4.0 45
2585 13:00:35.50 27:56:32.15 18.44 6898.7 2.6 29.6 6.3 23
2603 13:00:33.45 27:49:25.60 17.36 8099.9 1.6 53.7 4.7 39
2654 13:00:28.06 27:57:19.75 16.38 6940.7 2.5 142.7 3.5 51
2676 13:00:26.24 28:00:30.17 19.03 5527.8 6.7 48.9 18.8 10
2692 13:00:24.90 27:55:34.14 18.20 7866.3 2.7 41.4 5.6 26
2778 13:00:18.88 27:56:11.75 16.69 5260.6 1.5 56.8 3.9 34
2784 13:00:18.62 28:05:48.01 18.36 7739.8 6.3 63.8 7.5 15
2799 13:00:17.72 27:59:13.29 18.70 5968.0 4.4 44.6 9.4 17
2805 13:00:17.11 28:03:48.29 16.57 6103.7 2.1 128.9 2.5 48
2839 IC 4021 13:00:14.83 28:02:26.93 16.01 5720.8 2.6 160.0 2.8 53
2852 13:00:13.72 27:52:00.28 17.80 7327.5 1.8 41.5 3.0 27
2861 13:00:12.98 28:04:30.05 16.26 7455.4 1.8 123.2 2.3 53
2879 13:00:11.23 28:03:53.16 18.05 7270.6 2.5 43.8 5.2 23
2912 NGC 4895A 13:00:09.20 28:10:11.73 16.07 6713.3 2.7 149.9 2.8 54
2917 13:00:08.50 27:57:15.23 19.13 6212.6 7.0 51.8 13.1 12
2922 IC 4012 13:00:08.10 28:04:41.15 15.93 7185.7 3.6 185.1 4.2 45
2929 13:00:07.56 27:57:27.22 18.66 6178.2 6.7 22.4 15.5 13
2940 IC 4011 13:00:06.48 28:00:13.19 16.08 7182.8 2.9 126.3 4.2 45
2960 13:00:05.47 28:01:26.46 16.78 5847.6 1.6 68.7 2.4 45
2985 13:00:03.83 27:57:51.31 17.87 5310.7 4.8 43.1 10.2 15
3017 13:00:01.05 27:56:41.80 17.91 6790.9 4.7 58.5 12.2 22
3018 13:00:01.08 27:59:27.80 19.31 7476.1 21.0 75.7 71.2 11
3034 12:59:59.56 27:56:24.42 18.06 6106.0 26.0 169.4 84.4 9
3058 12:59:57.72 28:03:52.35 17.71 5791.0 2.8 38.0 7.8 23
3068 12:59:56.75 27:55:46.40 16.47 7646.6 2.2 106.3 2.9 44
3073 NGC 4883 12:59:56.10 28:02:03.43 15.43 8054.0 3.8 173.3 5.2 45
3098 12:59:54.03 27:58:12.05 18.63 6740.7 7.3 59.2 35.0 14
3121 12:59:51.53 28:04:22.80 17.34 7405.6 3.0 49.8 6.2 24
3126 12:59:51.08 27:49:56.68 17.55 7826.1 2.1 53.7 3.8 26
3131 12:59:50.26 27:54:43.52 18.68 7195.5 5.0 49.9 8.5 13
3133 12:59:50.18 27:55:27.65 17.23 9674.8 2.0 79.6 3.0 35
3166 12:59:47.03 27:59:29.02 18.37 8315.3 5.1 58.8 8.0 16
3170 IC 3998 12:59:46.88 27:58:24.04 15.70 9302.1 2.2 142.6 4.2 41
3196 12:59:44.77 27:53:21.47 18.35 6747.3 3.9 55.0 10.3 19
3201 NGC 4876 12:59:44.47 27:54:43.02 15.51 6657.0 2.8 169.7 3.6 45
3205 12:59:44.30 27:52:01.98 17.61 6203.7 3.3 56.8 3.5 25
3206 12:59:44.29 27:57:28.36 16.36 6856.5 2.1 79.6 3.3 33
3209 12:59:44.25 28:00:45.14 19.37 7097.4 7.6 66.5 14.2 15
3213 12:59:43.80 27:59:39.15 16.14 6636.4 3.4 138.7 5.1 48
3222 12:59:42.38 27:55:27.37 16.47 6866.2 3.8 163.6 4.1 41
3254 12:59:40.36 27:58:03.95 16.57 7520.9 3.0 100.5 4.9 28
3269 12:59:39.73 27:57:12.57 16.12 7947.8 2.2 98.5 2.7 38
3292 12:59:38.08 28:00:01.79 17.70 4954.9 2.6 63.8 6.0 22
3296 12:59:38.00 27:54:24.64 15.88 7922.5 3.5 179.8 4.0 49
3312 12:59:37.09 28:01:05.15 18.68 7156.1 3.3 46.5 8.4 25
3313 12:59:37.06 27:49:31.05 17.53 6191.3 1.9 85.2 2.9 49
3336 12:59:35.58 27:54:19.86 18.47 6954.3 3.3 52.3 5.1 19
3339 12:59:35.37 27:51:47.40 17.54 6261.5 2.1 58.5 4.4 33
3340 12:59:35.25 27:56:03.28 18.54 4496.2 18.2 63.0 48.8 11
3352 NGC 4872 12:59:34.22 27:56:47.18 14.79 7120.1 4.3 211.1 6.4 42
3367 NGC 4873 12:59:32.86 27:58:59.55 15.15 5804.8 3.6 178.9 3.5 45
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Table 1. ctd. Table of σ measurements
GMP Galaxy RA Dec. bj Vr δVr σ δσ SNR
No. Name h:m:s ◦ ′ ′′ mag km s−1 km s−1 km s−1 km s−1
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
3376 12:59:32.19 27:55:14.35 18.24 7041.4 11.5 46.4 27.3 11
3400 IC 3973 12:59:30.90 27:53:01.74 15.32 4696.2 4.0 216.5 4.9 51
3438 12:59:28.60 28:01:07.71 19.01 5942.2 4.1 32.7 10.9 15
3471 12:59:26.67 27:59:52.73 16.45 6629.2 1.8 86.5 2.5 49
3486 12:59:25.41 27:56:02.48 17.73 7522.7 2.1 57.2 2.7 32
3510 NGC 4869 12:59:23.42 27:54:39.71 14.97 6791.6 3.9 195.5 4.5 46
3534 12:59:21.51 27:58:23.01 17.20 5994.6 1.2 53.5 2.9 43
3554 12:59:20.28 28:04:25.70 17.20 7091.3 1.5 62.6 3.2 43
3561 NGC 4865 12:59:19.87 28:05:01.70 14.54 4499.2 3.7 214.5 3.5 58
3565 12:59:19.79 27:58:22.80 18.44 7172.6 3.6 46.4 12.5 15
3625 12:59:15.91 27:53:07.67 19.63 6521.8 15.4 108.3 24.3 8
3629 12:59:15.66 27:53:55.19 19.03 5219.2 13.8 44.6 28.2 5
3645 12:59:14.71 27:53:42.42 18.64 6367.3 2.9 69.4 7.7 25
3656 12:59:14.02 28:04:32.70 15.53 7729.2 2.5 142.1 4.6 53
3681 12:59:11.64 28:00:31.46 18.01 6818.4 3.0 64.2 5.4 21
3706 IC 3960A 12:59:09.73 27:52:00.86 17.61 6851.9 1.8 95.7 2.5 49
3707 12:59:09.53 28:02:25.56 17.76 7150.9 2.1 76.8 3.6 38
3733 IC 3960 12:59:08.04 27:51:16.13 15.85 6520.2 3.2 175.9 6.0 45
3739 IC 3957 12:59:07.58 27:46:02.22 15.88 6316.9 2.4 172.5 4.1 46
3761 IC 3955 12:59:06.11 27:59:46.65 15.57 7602.9 2.9 153.8 3.0 49
3780 12:59:04.87 28:02:59.94 17.89 7957.3 2.0 57.9 3.4 30
3782 12:59:04.73 27:54:37.90 16.55 6363.0 2.0 110.7 2.5 56
3792 NGC 4860 12:59:03.99 28:07:23.61 14.69 7844.4 6.1 256.9 7.2 41
3794 12:59:04.24 27:57:31.19 17.37 6952.6 2.5 130.0 3.1 47
3851 12:59:00.15 27:58:01.08 16.98 8233.8 1.8 83.2 2.7 41
3855 12:58:59.56 27:56:02.57 18.05 5702.7 4.7 49.7 5.9 22
3856 12:58:59.59 27:59:34.47 19.58 6186.7 32.0 122.8 37.4 8
3914 12:58:55.34 27:57:51.26 16.57 5650.6 3.7 161.1 3.6 46
Table 1: Notes.–Col.(1).–Galaxy number according to Goodwin, Metcalfe, & Peach (1983), (GMP from here on).
Col.(2).–NGC or IC name of galaxy.
Col.(3).–RA
Col.(4).–Dec
Col.(5).–bj magnitude from the GMP catalog
Col.(6).–Radial velocity, Vr.
Col.(7).–Uncertainty in the radial velocity measurement, δVr .
Col.(8).–Velocity dispersion measurement, σ
Col.(9).–Uncertainty in the velocity dispersion, δσ.
Col.(10).–Signal-to-noise ratio of galaxies.
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Table 2. L− σ Least-Squares Fits
Galaxy Type Regression Intercept Slope rms n
(1) (2) (3) (4) (5) (6)
all galaxies MR | log σ -10.949±0.375 -4.551±0.180 0.510 mag 1.82±0.07
all galaxies log σ | MR -8.846±0.444 -5.585±0.210 0.565 mag 2.23±0.08
all galaxies Bisector -10.001±0.376 -5.017±0.179 0.521 mag 2.01±0.07
Bulge–dominated Bisector -9.194±0.565 -5.370±0.269 0.653 mag 2.15±0.11
Bulge+Exp. Comp. Bisector -11.374±0.608 -4.370±0.306 0.464 mag 1.75±0.12
Exponential Comp. Bisector -12.021±0.687 -4.101±0.319 0.628 mag 1.64±0.13
Table 2: Notes.–Col.(1).–Galaxy type in regression
Col.(2).–Regression order: MR | log σ, means minimizing in MR on log σ. In case of Single Exponential
Component, Bulge+Single Exponential Component and Bulge–dominated galaxies we only show the
bisector value (Figure 4, right pannel).
Col.(3).–Intercept and uncertainty in linear regression
Col.(4).–Slope and uncertainty in linear regression
Col.(5).–rms of points around the linear fit.
Col.(6).–The power n of L ∝ σn.
Table 3. C − σ Least Squares Fits
Panel Regression Intercept Slope rms
Left B–R | logσ 0.904±0.045 0.323±0.023 0.066 mag
log σ | B–R 0.435±0.162 0.555±0.081 0.066 mag
Bisector 0.680±0.089 0.434±0.045 0.071 mag
Right B–R | logσ 1.007±0.026 0.279±0.011 0.049 mag
log σ | B–R 0.595±0.080 0.463±0.036 0.049 mag
Bisector 0.807±0.041 0.369±0.018 0.052 mag
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Figure 1. Spectra for early type galaxies of different luminosi-
ties. The GMP number (Goodwin, Metcalfe, & Peach 1983) and
the signal-to-noise ratios (SNR) are given above each galaxy spec-
trum.
Figure 2. External check of σ measurements. The plot shows
our σ measurements compared to NFPS (open triangles) and
MLKC02 (solid triangles). The error bars in the σ/sigmaLit are
also shown.
Figure 3. Systematic effects on σ measurements depending on
the SNR of the galaxy. The y-axis shows the difference between
the spectra with a given velocity dispersion, σgal, and the ob-
served velocity dispersion, σobs, i.e. the same spectra with differ-
ent amount of noise. The spectra were derived from simulations.
The dotted line is for a spectrum of 35 km s−1, while dash–dot
line is for 65 km s−1. The other lines are marked accordingly. We
also included the dashed line at SNR of 15 as we chose this value
as the upper limit for reliable σ measurements in this paper.
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Figure 4. MR − σ plots for: (Left) All the Coma galaxies in our sample and those from the literature (see figure legend). The dashed
line is the most recent FJ from literature, L ∝ σ3.92 (Forbes & Ponman, 1999); the dash-dot line is a least squares fit when minimising
the residuals in MR; the dash-dot-dot when minimizing in logσ; and the solid line is the bisector fit. (Right) Including only galaxies
for which Gutie´rrez et al. (2004) had the bulge-to-total ratio (B/T) measurements. The solid line is the least squares bisector fit for
bulge-dominated (solid triangles), the dashed line for bulge+single exponential component (open squares), and the dotted line for single
exponential component (open circles) galaxies.
Figure 5. Colour − σ relation for early–type galaxies. In both panels the dash-dotted line represents a least squares linear fit when
minimizing the residuals in B−R, dash-dot-dot when minimizing in log σ, and the solid line is the bisector line. The left panel shows the
C − σ relation for the galaxies in the Coma cluster, while the right includes galaxies from all the clusters studied by Faber et al. (1989).
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Figure 6. Comparison between observed and predicted relation Vrot/σ with MR (Left) and σ (Right). In both panels the solid line
represents the predicted Vrot/σ a galaxy would have to have in order for the faint early–type galaxies to follow the L ∝ σ4 relation
defined for bright Es. The symbols are as shown in the figure legend.
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Figure 7. (Top) B − R colour vs. galaxy age, assuming expo-
nential burst. The solid line represents a galaxy with Z⊙, while
the dotted line is 0.4 Z⊙. (Middle) The rate of change of B − R
colour with time of formation. The dashed lines represent differ-
ent β parameters which depend on how synchronized the galaxy
formation is assumed to be. β of 1.0 corresponds to no coordina-
tion, while β = 0.1 is for strong coordination. (Bottom) Scatter
in the star formation epoch vs. galaxy age. Assuming strong co-
ordination in galaxy formation, the galaxy age of 6 Gyrs (from
middle pannel) would impliy that its scatter in SF epoch is ∼ 1
Gyr.
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